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Abstract: In the pedestrian-vehicle collision accident, pedestrian may suffer head injury not only from the pri－
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mary impact with the vehicle but also from the secondary impact with the ground. In order to comprehensively ana－
lyze the influence of vehicle front-end structure parameters on pedestrian kinematics and head injury in primary and
secondary impacts，in this paper, a series of multi-body models of pedestrian-vehicle collisions were constructed by
utilizing the MADYMO code, with adjusting parameters of windshield angle（WA），bonnet angle（BA），bonnet length
（BL），bonnet leading edge height（BLEH）and ground clearance（GC）. The influence significance of vehicle param－
eters on the pedestrian kinematics and injury was analyzed by using multiple linear regression analysis. The results
indicate that BLEH is the most significant influence factor on head HIC value（car）（p<0.01) and pedestrian rotation
angles in the primary and secondary impact，respectively.The influence of BA on the head angle acceleration（car）is
more significant than that of BLEH. WA, BL and GC show a less influence on the kinematics and injuries of pedes－
trian. The lower BLEH provides better protection of the head in the primary collision, but it can easily lead to the
head to collide with the ground firstly in the secondary impact, which increases the risk of head and neck injury. A
quantitative analysis of the effect of vehicle front-end structure parameters on the primary and secondary impact was
also conducted in the study, and the results can provide some reference for vehicle safety design.
















Fig.1 The configurations of the FE simulations for

















Fig.2 The vehicle deformations vs. the contact force
1.2 仿真设置
本文所用行人模型为 50 th男性假人，该模型
由 Yang等人开发和验证 [15-16]，模型身高 1.75 m，体
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表 1 车辆前部结构几何尺寸
























































改变. 当 BLEH+0 cm、+5 cm、+10 cm、+15 cm时，行
表 3 行人一次碰撞与二次碰撞的运动学响应













































































Fig.4 Effect of vehicle front-end structure
on pedestrian-vehicle collision
续表 3 行人一次碰撞与二次碰撞的运动学响应






























BLEH-10 cm 和-15 cm 时，行人旋转角度约为
180°；BA、WA、BL和 GC对行人旋转角度的影响均
较小，行人旋转角度在 315°左右.




位着地顺序等有关.如 BA+5 cm、+10 cm、+15 cm和
GC/cmBLEH/cm
BL/cmBA/（°）WA/（°）






















































Fig.5 Effect of vehicle front-end structure on
pedestrian-ground collision










角度分别受到 WA、BA、BL、BLEH 和 GC 五个因素
的影响，且分别与五个影响因素构成多元线性回归
关系，可得出回归模型:
y = β0 + βWA × WA + βBA × BA + βBL × BL +






率 p 值依次为 0.655、0.040、0.037、＜0.01、0.974，说










BLEH > BL > WA > GC.WA、BA、BL、BLEH、GC对行





表 4 回归模型的拟合回归系数和 p值
Tab.4 Fitting regression coefficient














WA -8.936 19.836 0.655
BA 65.559 30.242 0.040
BL 54.421 24.710 0.037
BLEH 104.769 19.836 ＜0.01





WA -50.020 27.043 0.077 -0.082
BA 275.705 41.230 ＜0.01 0.45
BL 110.550 33.688 0.003 0.18
BLEH 169.116 27.043 ＜0.01 0.276





WA -0.129 1.174 0.210
BA 1.093 1.790 0.910
BL 0.436 1.463 0.341
BLEH 6.136 1.174 ＜0.01







































Fig.6 Head contact regions
3.2 BLEH对行人落地响应的影响


























































Tab.5 Comparison of the kinematics of pedestrian
旋转中心
BLEH + 15 cm
BLEH + 0 cm
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